Endorheic basins, often found in semi-arid and arid climates, are particularly sensitive to variation 14 in fluxes such as precipitation, evaporation and runoff, resulting in variability of river flows as 15 well as of water levels in end-point lakes that are often present. In this paper we apply the 16 Indicators of Hydrological Alteration (IHA) to characterise change to the natural flow regime of 17 the Omo-Ghibe basin in Southern Ethiopia. Little water resources infrastructure has been 18 developed in the basin to date, and it is considered pristine. The basin is endorheic and is the main 19 source of flow to Lake Turkana in the East-African rift valley. The water level in Lake Turkana 20 shows significant fluctuation, but increase of its level can be observed over the past 20 years. The 21 reasons are currently not well understood. 22 fluctuations of the lake levels are attributed primarily to anomalies in consecutive wet and dry 1 season rainfall. 2
Of the five groups of hydrological characteristics in the IHA (magnitude, timing, duration, 23 frequency and variability), only those related to magnitude were found to show significant trends, 24 with the main trend being the increase of flow during the dry season. This trend was not reflected 25 in climatological drivers such as rainfall, evaporation, and temperature (which shows a positive 26 trend), but rather is attributed to the substantial changes in Land Use and Land Cover in the basin . 27 The change in the basin hydrology is apparent mainly in the more humid part of the basin. The 28 significant shift from forest and woodland to grassland and cropland results in a decrease of actual 29 evaporation and subsequent increase in (dry season) runoff. The long term trend of the increasing 30 levels in lake Turkana are related to these trends in dry season flows, while shorter term 31 1 Introduction 5
Understanding the hydrology of a river and its historical flow characteristics is essential for water 6 resources planning, developing ecosystem services, and carrying out environmental flow 7 assessments. Key hydrological variables can be used to characterise the natural flow regime 8 (NFR) of a river. These can be assessed statistically to understand the extent of change to that 9 flow regime and support of hydrological and ecological assessment for ecosystem conservation 10 (Carlisle et al., 2010) . 11
The NFR approach was introduced in aquatic ecology to support the conservation and restoration 12 of ecosystems. It is defined based on five major hydrological characteristics; magnitude, duration, 13 timing, frequency and variability (Richter et al., 1996; Poff et al., 1997b) , and has recently been 14 widely used in hydrology to analyse the characteristics of stream flow (Poff et al., 1997a ; Stanford 15 et al., 1996) . 16 Additional to characterising the NFR, the parameters used to describe the NFR support the 17 analysis of change resulting from changing climatological and hydrological characteristics (Poff 18 et al., 1997a; Assani et al., 2010) . Anthropogenic activities such as damming, impounding, land 19 use land cover (LULC) change, diversion and abstraction of water and geomorphological change 20 can impact the natural flow regime. Longer term climate change will also influence hydrological 21 flows (Risbey and Entekhabi, 1996; Sankarasubramanian et al., 2001) . These changes will result in 22 changes to hydrological characteristics such as magnitude, duration, timing, frequency and rate of 23 change of flow, and it is important to study these as they provide indication of the wellbeing of 24 the riverine ecosystem (Lytle and Poff, 2004) . 25 Though the parameters used to define the NFR can be used as an indication of change in a river 26 basin, these do not provide information as to the cause of those changes. Several studies have 27 focused on trends in stream flow characteristics and found the drivers of these changes to include 28 changes to rainfall distributions and patterns, Land Use/Land Cover (LULC) change and human 29 activities such as abstraction, damming, as well as climate change (Adnan and Atkinson, 1 2011; Rientjes et al., 2011a; Van Kirk and Naman, 2008) . 2 While most of these studies focus on flow regime classification (Harris et al., 2000; Krasovkaia, 3 1997; Gottschalk, 1985; Haines et al., 1988) and restoration of basins impacted by damming, 4 diversion and abstraction (Poff and Zimmerman, 2010) , few basins that are as yet undisturbed 5 have been assessed (Poff et al., 1997b) . This holds equally for basins that are endorheic. 6
Endorheic or closed basins are mostly located in semi arid to arid climates and often have a 7 terminal lake. The water balance in these terminal lakes is dominated by a high evaporation loss 8 (up to 95-100 % of the inflow) as in Lake Turkana, the Okavango basin, Lake Chad, the Aral Sea 9
and several other endorheic basins (Cretaux et al., 2010;Wolski et al., 2005;Avery, 2010; Kadukin 10 and Klige, 1991; Yuretich and Cerling, 1983) . The water levels in these lakes typically show a 11 highly seasonal variability, with longer term trends in water levels attributed to changing climate 12 such as changing rainfall patterns, global warming and human influences like LULC change 13 (World Bank, 2006; Magole et al., 2009; Hopson, 1982) . indices using a daily streamflow data as an input. IHA have been applied in several basins 19 throughout the world to understand the NFR and to characterise the anthropogenic and climate 20 impacts on water resources of the riverine system and to analyse environmental flows (Maidment 21 and Hersh, 2006) . The software can be applied to any type of daily hydrologic data, such as stream 22 flow, river stage, ground water levels, or lake levels. It provides a powerful means for hydrologic 23 data analysis and can be used to summarise long periods of daily hydrologic data into a much 24 more manageable and graphically illustrative set of hydrologic indices (The Nature Conservancy, 25 2009 increase of flow due to reduction of evaporation and infiltration (Fissekis, 2007; Newson, 31 quality is, however, poor and has much missing, requiring the data to be carefully screened before 1 application. Five homogenous regions were determined (see Fig.1b ; the derivation of these five 2 regions will be described in the methodology), and from each region the stations with the best 3 data in terms of quality and record length in excess of 20 years were selected for characterisation 4 of the natural flow regime. For most stations the period of record available spanned from the early 5 1980's to 2008 and while data from some of the stations spanned from 1960's and 1990's to 2008, 6
we used a common data period from 1982-2008 for all stations for the analysis. 7
Rainfall: rainfall data are also scarce and the distribution of gauges is uneven with most stations 8 being in the upstream part of the basin (Fig.1b ). The period of record of many of these stations is 9
good when compared to that of the stream flow gauges. As with the streamflow data, we have 10 identified stations with good quality data after testing the data for randomness, persistence 11 (independence) and homogeneity. We have sorted the stations based on the available period of 12 record and data quality. In each of the five homogenous regions, at least four stations with more 13 than 20 years of daily data were selected for the analysis of rainfall variations and trends. Most of 14 the rainfall stations had data available from around 1970 through to 2008, though for the station at 15
Areka data was only available from 1988. For this analysis we used data from 1982-2008, the 16 same period for which streamflow data was available. We have analysed the quality of data for 17 randomness, independence or persistence (autocorrelation) and consistency both for streamflow 18 and rainfall. We used only those stations which satisfied these criteria and had data without or 19 with only few gaps. Where there were small gaps we used multiple regression to fill missing data 20 using stations from the same homogenous regions. 21
Temperature: there are only a few stations that have daily minimum and maximum temperature 22 data in the study area. We have selected 13 stations which results in two to three stations in each 23 homogeneous region that have data with sufficient quality as shown on Fig.1b . The stations that 24 have 20 or more years of record of both minimum and maximum mean monthly data were used 25 for trend analysis in the time period of 1982-2008. 26 Lake Turkana water levels: The entire basin that drains into Lake Turkana has an area of about 27 130,860 km 2 , of which some 57% is formed by the Omo-Ghibe basin, Ethiopia. The lake is 250 28 km long, has a mean width of 30 km and a surface area of about 6750 km 2 . The average depth is 29 35 m, with a maximum of 115 m. The mean annual temperature at the lake is 30°C, while the 30 mean annual rainfall is below 255 mm/year (Survey of Kenya, 1977) . The evaporation rate is 31 2335 mm/year (Ferguson and Harbott, 1982) . As there is no direct observational data of the lake 32 levels available, we used satellite altimetry data obtained from TOPEX/Posiedon, Janson-1, 2 and 1 ENVISAT (Crétaux et al., 2011) , with a temporal resolution of 10 days from 1992 to 2012. Even 2 though some suppose of discrepancy in remote data unless verified against ground measured, the 3 accuracy of the lake level using the altimetry satellite data is estimated to be in the range of a few 4 centimetres (Birkett, 1995; Mercier et al., 2002) . As there are no gauges available on the lake, and 5 stations are virtually absent in the lower part of the basin, the precipitation and temperature data 6 on the lake were taken from global climate database, CRU TS 2.1 (Mitchell and Jones, 2005) . The two original land cover maps differ in sources of satellite data, resolution and processing 20 algorithms. This could lead to erroneous interpretation of land use change between the two 21 periods. A limited validation of the LULC maps was carried out through site visits to areas that 22 remain unchanged in the two maps (water area, bare land and highland forest areas), and a good 23 agreement was found with the classes shown in the two maps, though there were some small 24 The results of the L-moment parameters: L-coefficient of variation (t), L-Skewness (t 3 ) and L-11
Kurtosis (t 4 ) and discordance test (D i ) that are used for classification of homogenous regions are 12 given in Table 1 . forest cover, medium altitude and medium to high rainfall are categorised under region one and 20 four. In order to help understand the natural flow variability in each of HR two to four flow 21 stations with good data quality and a long period of record were selected in each. 22
Natural flow regime analysis and characterising the basin 23
The natural flow regime is analysed based on metrics characterising flow magnitude, seasonality, 24 duration, frequency of events and variability (Richter et al., 1996; Poff et al., 1997b ). These indices 25
can be used to illustrate ecologically relevant components of the hydrologic regime. Among 171 26 hydrological indices currently in use in natural flow regime analysis (Olden and Poff, 2003) , we 27 selected 17 indicators. Table 2 lists the selected indicators, divided across the five hydrological 28 characteristics; magnitude (9), timing (2), duration (2), frequency (2) and variability (2). 29
Daily records for a sufficiently long period are required to reliably calculate the IHA indices. The 1 period of record that is sufficient has been indicated by many authors as being 20 years or more, 2 with up to 35 years of daily data required to account for natural climatic variability for very 3 variable rivers (Richter et al., 1997; Huh et al., 2005) . Statistical indices were calculated using 4
Indicators of Hydrologic Alteration (IHA) software for daily flows at 12 gauging stations. The 5 non-parametric Mann-Kendall test was used for detecting significance of trends found (Mann, 6 1945; Kendall, 1975 ) at the 5% two tail significance level. change and increased abstraction of water for irrigation and industries, impoundment of water 12 (Alemayehu et al., 2007) , and modification of the morphology of the riverine system (Van Steeter  13 and Pitlick, 1998). In some cases, these variations may change evapotranspiration and the surface 14 energy balance, thereby also affecting the local climate (Cassardo and Jones, 2011). We 15 categorise the driving forces into two major categories; climate variability and anthropogenic 16 change. 17
Climate variability 18
Climate variability is assessed though monthly rainfall and temperature. Rainfall in the Omo-19
Ghibe basin is characterised by a dry season from October to May and a wet season from June to 20
September. The month with the lowest rainfall is January. The rainfall characteristics and 21 variation were analysed using the monthly rainfall data. Trends and significance of trend were 22 analysed using the Mann Kendall trend analysis. This test applies to serially independent data was 23 applied only to stations found to be serially uncorrelated in screening the data. 24
For detecting trends in temperature we selected mean monthly minimum temperature and mean 25 monthly maximum temperature in each homogenous region. We examined long term trends of 13 26 stations with a period of record of more than 20 years. The actual (AET) and potential of the basins there are no stations at all. These two regions were therefore not considered in the 27 analysis. We calculated 17 indices at each of the stations and assessed the presence of trend using 28
Sen's slope estimator (Sen, 1968 ). 29 Table 3 provides an overview of the number of streamflow stations from the 12 analysed at which 1 an increasing or a decreasing trend was detected (columns 2 and 4 respectively), whereas, 2 columns 3 and 5 show the number of stations at which the increasing or decreasing trend was 3 significant at the 5% level. 4
The first nine indices in Table 3 The following two indices consider the timing of the high and low flow peaks. While there is 18 some suggestion in the general trend that these are decreasing, which means these are occurring 19 earlier in the year, these trends are found to be significant at only two stations, suggesting little 20 change in the seasonality of the flows in the basin. 21
The hydrologic characteristic of duration is represented by two indices (duration of low and high 22 flows). For these indices, the majority of the stations show a decreasing trend. This would indicate 23 that the duration of both high flows as of low flows is getting shorter, but again the trend is 24 observed to be significant at only very few stations. The results show that changes in the NFR are significant only for the indices of magnitude, 3 though the change was only significant at selected stations, in particular those in regions 1 and 4. 4
In the majority of the stations the changes suggest an increase in the dry season flow, and 5 consequent increase in annual flows. Trends are also shown for other indices of timing, duration, 6 frequency and variability, but these were found to be significant at very few stations. 7
Changes to precipitation, temperature and evaporation 8
The climatic data of precipitation and temperature in the study area were analysed for trend over 9 the range of 1982-2008 at a monthly time scale. Change to rainfall patterns and magnitude is one 10 of the possible drivers of the change to the natural flow regime. We analysed possible changes of 11 rainfall patterns and magnitude for two seasons: the wet season or "Kiremet", which is the major 12 rainy season for most stations from June to September (in region 4, this is slightly shifted and is 13 taken as being from May to September) and the dry season which includes the second rainy 14 season or "Belg" and the remaining months. 21 rainfall stations with a data record of sufficient 15 length and quality were selected in the analysis (Table 4 ). In none of the four regions, a dominant 16
trend was found to be significant, except for two stations in region 2 and 3, which both showed a 17 decreasing trend. A shift of the timing of the main rainfall hyetograph was also not found. 18
The other climatic variable with an influence on the basin hydrology is temperature. The potential 19 and actual evapotranspiration rates are highly influenced by temperature. We used 13 stations 20
with sufficient records of monthly mean minimum, maximum and mean monthly temperature 21 from each region in the upstream catchments. Results in Table 5 show that for almost all except 22 two stations a positive trend for maximum, minimum and mean monthly temperature was found. 23
In addition, these trends are significant in a majority of the stations. and potential evaporation (PET), and to understand if these reflect the trends found in the 30 temperature data. Although this data has not been validated against observed data in the basin due 1 to the lack of measurements from for example flux towers (Trambauer et al., 2013) , it can be 2 applied for detecting trends. We investigate the presence of trends in the five homogenous regions 3 and downstream un-gauged region using monthly values of remotely sensed AET and PET data 4 from 2000-2011. These show a decreasing trend for PET, though this is significant only in regions 5 2 and 4. The AET shows a positive trend in regions 2, 5 as well as in the un-gauged part of the 6 basin though this trend is not found to be significant. A decreasing trend is found in the middle 7 part of the basin (region 1, 3, 4) and is significant in regions 1 and 4 as shown in Table 6 . 8
The dryness index (DI=PET/P) and the evaporative index (EI=AET/P) were calculated using the 9 mean annual value of PET, AET and precipitation (P) (mm/year) calculated at 70 spatially 10 distributed points that represent all LULC. PET and AET were sampled from the 1 km 2 MODIS 11 images, while values for P were determined using inverse distance weighting. The spatially 12 distributed points were subsequently averaged over each homogenous region. These show that 13 most of the regions are water limited (i.e. DI > 1.0). Only region 4 and to some extent region 1 14 tend towards being energy limited, as shown in Fig.2 The trend found in AET does not always reflect the positive trend in temperature, such as in 22 regions 1 and 4, despite the importance of temperature to evaporation, which would suggest that it 23 may depend more on the dominant LULC change. 24
Change detection of Land use land cover (LULC) 25
Land use and land cover (LULC) in the basin were analysed for two periods using the available 26 remotely sensed LULC maps from the 1990's and 2009. These show that there have indeed been 27 significant changes in the LULC, though these changes differ across the basin. In all regions, 28 forest land (FL), woodland (WL) woody grassland (WG) and shrub land (SL) decreased, except in 29 regions 2 and 3 where the FL is increasing. This increase in FL is, however, offset by the decrease 30 in WL and WG. In contrast, cropland (CL), grassland (GL) and bare land (BL) increased almost 31 in all of the regions as shown on Fig.3 (a, b) and Table 7 . Overall, the FL, WL WG and SL 1 decreased by 53 %, while the area of CL and GL increased by 83%. 2 LULC change from FL, WL WG and SL to CL and GL would be expected to contribute to 3 reduced interception, less infiltration, lower actual evaporation and hence result in higher runoff. 4
The trends found in the IHA indices, such as for the 7-day minimum flow, as well as changes to 5 the dry season FDC between the first and second parts of the periods analysed reflect this increase 6 in runoff. This would suggest the dominance of LULC change in the changing distribution of 7 runoff over changes due to the climate effect. 8
Lake Turkana water levels trend 9
We analysed the water levels in Lake Turkana (LT) using the satellite altimetry data that was 10 available at monthly time steps from October 1992 to May 2012 ( Fig.5 ). Over the whole period a 11 significantly positive trend of lake levels can be seen, with levels at the end of the period some 12 2 m above those at the beginning. Seasonal and interannual peaks and troughs in the lake level 13 across the years can be seen. The maximum level is reached mostly in the months of November to 14 January, followed by a rapid drawdown to the lowest level in February to May. In rare cases the 15 minimum level occurs in June or even in July. In the period considered, the maximum level the The delay between the peak rainfall in the upper catchments and the peak flow at the mouth of the 22 lake is one to two months, with a further three to five months delay between the peak flow and the 23 peak lake level. Peak rainfall occurs from July to September, peak flows in August to October, 24 while peak lake levels are found in November to January. After adjusting for these delays, a clear 25 correspondence between the variation of rainfall, inflow and lake level is found as shown in Fig.6 , 26 despite the decreasing trend of the lake levels in this period, not for inflow. To understand the lake 27 level variation and rainfall in the basin, we calculated cumulative rainfall departure (CRD), which 28 shows the total rainfall magnitude above or below the mean. It is calculated as cumulative value 29 of each month difference from the mean value of the data. The flows at the mouth shown in the 30 figure were calculated using a simple water balance model (Abera, 2012) , and though these 31 modelled results appear to overestimate real flows, the correspondence of the pattern in the 1 inflows to the variation of lake levels is clear. However, the declining lake level was not matched 2 by the inflow trend ( Fig.6 ), rather, in this period there is observed less value of consecutive 3 seasons or declining of cumulative rainfall departure, as shown in Fig.5 . The relatively short 4 period for which the results of Abera, 2012 model were available meant that a reliable analysis of 5 trends could not be carried out . 6 In order to help us understand the lake level change and the driving forces, we categorised the 7 period of investigation into four distinct times of remarkable lake level changes and overlay the 8 cumulative rainfall departure (CRD) as shown in Fig.5 . The first period is from the end of 1992 to 9 mid 1996, during which the lake reached its lowest level (360.47 m). The peak during the period 10 was only about 362 m. In this period, two consecutive longer declining of CRD (Nov 1993 to 11
June 1997) as shown on Fig.5 and low rainfall below the basin average was found in the years 12 1994 and 1995 in almost all stations in the upstream basin ( Fig.5 ), as well as on the lake (where 13 rainfall was obtained from the CRU dataset). From these four periods as well as from the historical records of lake levels (Conway, 2002) , the 4 fluctuation of the Lake Turkana water levels can be seen to be seasonal with multiannual trends. 5
The water balance of Lake Turkana constitutes inflow to the lake from the major rivers like the 6
Omo-Ghibe, Turkwel and Kerio; rainfall on the lake, evaporation from the lake and groundwater 7 inflow and outflow. The inflow to the lake is dominated by the Omo-Ghibe basin (80-90 %) 8 (Beadle, 1981) , with the other two large tributaries being intermittent and contributing 9 significantly less. Mean annual rainfall on the lake is 258 mm/year from CRU data base analysis 10 and shows a positive trend. Velpuri et.al., (2012) show that the rainfall on Lake Turkana is less 11 than 30% of evaporation loss, with the evaporation showing an positive trend, thus confirming 12 that the two main components in the water balance of the lake are the inflow from the Omo-Ghibe 13 basin and evaporation from the Lake. Omo-Ghibe basin were not found to be significant in this study, for either of the rainy seasons. 5
However, there was high and low rainfall seasons which leads to longer and consecutive 6 increase/decrease of cumulative rainfall departure, which was highly match with seasonal lake 7 level fluctuations (Fig.5 ). Significant trends were only found at three stations of 21 evaluated, 8 though this trend was mainly decreasing, and increasing only for the wet season at the station at 9
Butajira. Trends for mean monthly, minimum and maximum monthly temperature were found to 10 be significant in all except a few stations, as reported also for the whole of Ethiopia by the 11 mainly in the dry season. The increase in dry season flows was found to be significant mainly in 6 the more humid regions in the basin (regions 1 and 4, with an aridity index close to 1), which in 7 contrast to the more arid regions of the basin are closer to being energy limited and thus more 8 sensitive to small changes in the water balance caused by the LULC changes. In the more dry sub-9 humid regions (regions 2, 3 and 5), the variability in the climatic drivers would be expected to be 10 more influential than LULC change (Yang et al., 2009). 11
Spatial variation of natural flow regime was observed in the basin. Humid regions 1 and 4, which 12
were dominated by FL, WL, WG and SL, have shown more significant changes in low flow 13 magnitudes compared to dry sub-humid regions 2, 3 and 5 dominated by CL and GL. In region 1 14 and 4, FL, WL, WG and SL decreased by 64-73%, but CL and GL increased by 123-261%, where 15 as in regions 2, 3 and 5, CL and GL increased by ranges of 21-38% . 16
Changes to the water levels in Lake Turkana 17
As an endorheic lake, the levels in Lake Turkana depend solely on the balance between the inflow 18 to the lake which is dominated by the Omo-Ghibe basin, and the difference between evaporation 19 and precipitation over the lake (Ngaira, 2006) . Velpuri et al. (2012) show rainfall over the lake to 20 be less important than evaporation from the lake and with the significant increase in temperature 21 found evaporation from the open water in the lake could be expected to equally show a positive 22 trend. This positive trend could unfortunately not be verified using the MODIS data as 23 evaporation is not represented over large water bodies. Despite the expected increase in 24 evaporation, lake levels over the last 20 years have, however, been rising. For this long time span 25 it would seem plausible that the increasing water levels in the lake result from the positive trend in 26 the flows from the Omo-Ghibe basin, in particular in the flows during the dry season. Over the 20 27 years, lake levels have increased about 2 m, which would roughly equate to a change in average 28 annual flows of some 20 m 3 /s. While this is difficult to corroborate given the absence of river 29 flow stations in the lower basin, the magnitude of the average change in the flow duration curve at 30 the station at Asendabo in the upper basin, which is the most downstream station on the main 1 stem of the river (see Fig.4 ), would suggest that this is not unrealistic. 2
That the lake levels are sensitive to inflows is clear when shorter term fluctuations are considered. 3
The shorter term fluctuations are clearly linked to the variability of the inflow to the lake from the 4
Omo-Ghibe river (as shown by the concordance of the variability lake levels to the inflows 5 established by Abera (2012) when lag-times are considered. (Arnell et al., 1996; Bergonzini, 1998) 6 show that lakes in Africa (mostly in rift valley) are very sensitive to climate variations, 7 particularly those that are endorheic and located in semi to arid regions such as Lake Turkana and 8 Lake Chad. Additional to the seasonal variations and the longer term trends, multi-annual trends 9
in lake levels are influence by extended drought or anomalous wet seasons as shown by 10 cumulative rainfall departure analysis ( is such an endorheic basin, and is the main source of water to Lake Turkana, on the Ethiopian-21
Kenyan border. Lake water levels fluctuate considerably at the seasonal time scale, but there are 22 also significant longer term trends, including a statistically significant rising trend in the water 23 levels over the past 20 years. These fluctuations are poorly understood. Overall the water 24 resources infrastructure of the Omo-Ghibe basin has until recently been poorly developed, though 25 there data in particular in the remote lower part of the basin is scarce. 26
We applied a non-parametric statistical method of the IHA software to analyse the trends in the temperature was found to be significantly increasing across the basin, but conversely trends in 8 both potential and actual evaporation were found to be decreasing. 9
Land use and land cover data showed that this had changed significantly in the past 20 years, with 10 a significant shift from forested land, woodland and woody grassland to grasslands and crop 11 lands. This change to more seasonal and shallow rooted land cover results in a decrease in actual 12 evaporation and consequent increase of dry season flows. These changes are most apparent in the 13 humid parts of the basin (region 1 and 4), and less so in the more arid parts. In the more humid 14 parts of the basin evaporation is on a balance between being energy limited rather than water 15 limited, which means that an increase in the available water will more readily lead to an increase 16 in runoff . 17 Variations and trends in the water levels of Lake Turkana were analysed using data from 18 TOPEX/Posiedon, Janson-1, 2 and ENVISAT satellites as there are is no ground-based data 19 available. These data show that significant variations of lake levels over the past 20 year period, 20
including seasonal fluctuations correlated to the dry and wet season flow of the Omo-Ghibe basin. 21
Multi-annual fluctuations in lake levels were related to periods of drought or anomalously wet 22 rainy seasons. As a significant trend in the wet season flows could not be detected based on the 23 available data, the positive trend in lake levels over the 20 year period is considered to result from 24 the increase in dry season flows, and thus connected to the changes in land use and land cover in 25 the basin. 26
Through applying the IHA to in the Omo-Ghibe basin, and relating trends found in the 27 hydrological data to trends in climatological and land use data, we have identified the main 28 drivers of change in the Omo-Ghibe basin to likely be due to changes in land use and land cover 29 in the humid parts of the basin, which have led to changes in the hydrological processes, resulting 30 in dry season flows, and subsequently to a rising trends in Lake Turkana, the end-point lake of 31 this sensitive endorheic basin. These conclusions should, however, be considered with care as 1 very little is as yet known of the hydrological processes in the remote lower part of the basin, 2 where no hydrological or climatological data are available. Colorado River: 1. Historic changes in streamflow, sediment load, and channel morphology, 5
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